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[Designa'bion of Document] Specification 
[Title of the Invention] 

LIGHT-EMITTING MATERIAL COMPRISING ORTHOMETALATED IRIDIUM 
COMPLEX, AND LIGHT-EMITTING ELEMENT 
[Claims] 

1 . A light-emitting material comprising a compound 
having a partial structure represented by the following general 
formula (1) or tautomer thereof: 




2 . A light-emitting material comprising a compound 
having a partial structure represented by the following general 
formula (2) or tautomer thereof: 




3 . A light-emitting material comprising a compound 
having a partial structure represented by the following general 
formula (3) or tautomer th reof : 
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wherein and each represent a substituent ; and and 
each represent an integer of from 0 to 4 , with the proviso that 
the sum of q^ and q^ is 1 or more. 

4 . An organic light-emitting element comprising a 
light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
between a pair of electrodes, characterized in that at least 
one of said thin organic compound layers contains a 
light-emitting material according to any one of Claims 1 , 2 
and 3 . 

5. An organic light-emitting element comprising a 
light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
between a pair of electrodes, characterized in that at least 
one of said thin organic compound layers contains an 
orthometalated iridium complex and said layer containing an 
orthometalated iridium complex is formed by a coating process . 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a light-emitting 
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material and Ixgh't-emi'b'bing 6161116X11: capable o£ conver'blng 
electric energy to light which is then emitted and more 
particularly to a light-emitting element which can be preferably 
usedin various arts such as display element , display, backlight, 
electrophotography, illuminating light source, recording light 
source, exposure light source, reading light source, sign, 
advertising display and interior. 

[0002] 

[Prior Art] 

Today, various display elements have been under active 
study and development. In particular, an organic electric 
field light-emitting (EL) element can emit with a high luminance 
at a low voltage and thus has been noted as a favorable display 
element. For example, a light-emitting element having a 
vacuum-deposited thin organic layer has been known (Applied 
Physics Letters, vol. 51, page 913, 1987) . The light-emitting 
element described in this reference comprises as an 
electron- transporting material tris (8-hydroxyquinolinate) 
aluminum complex (Alq) which is laminated with a positive 
hole-transporting material (amine compound) to exhibit 
drastically improved light-emitting properties as compared 
with the conventional single-layer type elements . 
[0003] 

In recent years , the application of organic GL element 
to color display has been under active study . However , in order 
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-bo develop a high performance color display. It ±s necessary 
that the properties of blue, green and red llght-emlttlng 
elements be each Improved. 
[0004] 

As a means for Improving the properties of llght-emlttlng 
elements there has been reported a green llght-emlttlng element 
utilizing the emission of light from orthometalated Iridium 
complex (Ir(ppy)3: Trls-Ortho-Metalated Complex of Iridium 
(III) with 2-Phenylpyrldlne) (Applied Physics Letters 75, 4 
(1999) ) . The foregoing element can attain an external quantxim 
yield of 8%, which Is higher than the limit of the external 
quantum yield of the conventional llght-emlttlng elements , 1 . e . , 
5%. However, since the foregoing llght-emlttlng element Is 
limited to green llght-emlttlng element, the range within It 
can be applied as a display Is narrow. It has thus been desired 
to develop llght-emlttlng materials capable of emitting light 
having other colors . 
[0005] 

On the other hand, an organic llght-emlttlng element which 
can attain light emission with a high luminance Is one having 
a laminate of vacuum- deposited organic material layers . The 
preparation of such an element Is preferably accomplished by 
a coating method from the standpoint of simplification of 
production procedure, workability, area attained, etc. 
However , the element preparedby the conventional coating method 
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is inferior "bo i:ha't prepared by vacuum evaporat:ion method 
particularly in light-emitting efficiency. It has thus been 
desired to develop a novel light-emitting material , 
[0006] 

[Problems that the Invention is to Solve] 

An object of the present invention is to provide a 
light-emitting element having good light-emitting properties , 
a light-emitting material which can form such a light-emitting 
element . 

[0007] 

[Means for Solving the Problems] 

The foregoing object of the invention can be accomplished 
by the following means . 

1 . A light-emitting material comprising a compound 
having a partial structure represented by the following general 
formula (1) or tautomer thereof: 
[0008] 




[0009] 

2 . A light-emitting material comprising a compound 
having a partial structure represented by the following general 
formula (2) or tautomer thereof: 
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[0010] 




[0011] 

3 . A llgh't-eml't'blng material comprising a compound 
having a partial st:ruci:ure repre sen-ted by the following general 
formula (3) or tautomer thereof: 

wherein and each represent a substltuent; and and 
each represent an Integer of from 0 to 4, with the proviso that 
the sum of q^ and q^ Is 1 or more. 

[0012] 




[0013] 

4 . An organic llght-emlttlng element comprising a 
llght-emlttlng layer or a plurality of thin organic compound 
layers containing a llght-emlttlng layer formed Interposed 
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between a pair of electrodes, characterized in that at least 
one of the thin organic compound layers contains a light-emitting 
material according to any one of Clauses 1 , 2 and 3 . 

5 . An organic light-emitting element comprising a 
light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
between a pair of electrodes, characterized in that at least 
one of the thin organic compound layers contains an 
orthometalated iridium complex and said layer containing an 
orthometalated iridium complex is formed by a coating process . 
[0014] 

[Mode for Carrying Out the Invention] 

The present invention will be further described 
hereinaf ter , 

The compound according to the invention is a 
light-emitting material comprising an orthometalated iridium 
complex. ^^Orthometalated metal complex" is a generic term for 
a group of compounds as described in A}cio Yamamoto , Yulci Kinzolcu 
Kaga]cu- Kiso to Oyo- (Organic Metal Chemistry - Fundamentals 
and implication) " , Shokabosha, pp. 150, 232, 1982, H. Yersin, 
^^Photochemistry and Photophysics of Coordination Compounds" , 
Springer-Verlag, pp. 1-77, pp. 135 - 146, 1987, etc. 
[0015] 

The valence of iridium in the orthometalated iridium 
complex is not specifically limited but is preferably 3 . The 
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Ixgands const! tu-ting *bhe ort^home-tala-bed Iridium complex are 
no't specifically llml'ted so far as "they can form an 
or'bhometala'bed complex. In practice, however, there may be 
used, e.g., azryl group-substituted nitrogen-containing 
heterocyclic derivative (The aryl group substitutes for the 
nitrogen-containing heterocycle on the carbon atom adjacent 
to nitrogen atom. Examples of the aryl group Include phenyl 
group , naphthyl group , anthracenyl group , and pyrenyl group . 
Examples of the nitrogen-containing heterocycle Include 
pyridine, pyrlmldlne, pyrazlne, pyrldazlne, qulnollne, 
Isoqulnollne, qulnoxallne, phthalazlne, qulnazollne, 
naphtholldlne, clnnollne, perlmldlne, phenanthrollne , pyrrole. 
Imidazole, pyrazole, oxazole, oxadlazole, trlazole, 
thladlazole, benz Imidazole, benzoxazole, andphenanthrldlne) , 
heteroaryl group-substituted nitrogen-containing 

heterocyclic derivative (The heteroaryl group substitutes for 
the nitrogen-containing heterocycle on the carbon atom adjacent 
to nitrogen atom. Examples of the heteroaryl group Include 
group containing the foregoing nitrogen-containing 
heterocyclic derivative, chenyl group, and furyl group) , 
7 , 8-benzoqulnollne derivative , phosphlnoaryl derivative , 
phosphlnoheteroaryl derivative, phosphlnoxyaryl derivative, 
phosphlnoxyheteroaryl derivative , amlnomethylaryl derivative , 
amlnomethylheteroaryl derivative , etc . Preferred among 
these llgands are airyl group -substituted nitrogen-containing 
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aromatic heterocyclic derivative , heteroaryl 

group-siobstltuted nitrogen-containing aromatic heterocyclic 
derivative, and 7 , 8-benzoqulnollne derivative. Even more 
desirable among these llgands are phenylpyrldlne derivative, 
thlophenylpyrldlne derivative , and 7 , 8-benzoqulnollne 
derivative . Particularly preferred among these llgands are 
thlophenylpyrldlne derivative , and 7 , 8-benzoqulnollne 
derivative . 
[0016] 

The compound of the Invention may have llgands other than 
the llgands required to form an orthometalated complex. 
Examples of the other llgands Include various known llgands . 
Examples of these llgands Include those described In H. Yersln, 
"Photochemlstiry and Photophyslcs of Coordination Compounds", 
Sprlnger-Verlag, 1987, Aklo Yamamoto, "Yukl Klnzoku Kagaku- 
Klso to Oyo- (Organic Metal Chemistry - Fundamentals and 
Application)", Shokabosha, 1982, etc. Preferred among these 
llgands are halogen llgands (preferably chlorine llgand) , 
nitrogen-containing heterocyclic llgands (e.g. , blpyrldyl, 
phenanthrollne) , and dlketone llgands . Even more desirable 
among these llgands are chlorine llgand and blpyrldyl llgand. 
[0017] 

There may be used one or a plurality of kinds of llgands 
constituting the compound of the Invention . The number of 
llgands In the complex Is preferably from 1 to 3, particularly 
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from 1 or 2 , more preferably 1 . 
[0018] 

The ntimber of carbon at:oms in -the compound of t:he inven'tion 
is preferably from 5 to 100, more preferably from 10 to 80, 
even more preferably from 14 to 50. 
[0019] 

Preferred embodiment of the compounds of the invention 
is : a compound having a partial structure represented by the 
general formula (1) or tautomer thereof; a compound having a 
partial structure represented by the general formula (2) or 
tautomer thereof; or a compound having a partial structure 
represented by the general formula (3) or tautomer thereof. 
The compound having a partial structure represented by the 
general formula (1) or tautomer thereof; and the compound having 
a partial structure represented by the general formula (2) or 
tautomer thereof are preferred. 
[0020] 
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[0021] 

The compound having a par'tial s'truc'bure representied by 
"the general formula (1) or 'bau'tomer t:hereof may have one iridium 
atom per molecule or may be a so-called binuclear complex having 
-bwo or more iridixim atoms per molecule. This compound may 
further contain other metal atoms . This can apply to the 
compounds having a partial structure represented by the general 
formula (2) to (3) or tautomers thereof. 
[0022] 

In the general formula (3) , and each represents a 
substituent. The suffixes and each represent an integer 
of from 0 to 4, with the proviso that the sum of and q^ is 

1 or more. When q^ and q^ each are 2 or more, the plurality 
of R^^s and R^^s may be the same or different. 

[0023] 

Examples of the group represented by R^ or R^ include allcyl 
group (alkyl group preferably having from 1 to 30, more 
preferably from 1 to 20 , particularly from 1 to 10 carbon atoms , 
e.g. , methyl, ethyl, iso-propyl, tert-butyl, n-octyl, n-decyl, 
n-hexadecyl, cyclopropyl, cyclopentyl, cyclohexyl) , alkenyl 
group (alkenyl group preferably having from 2 to 30 carbon atoms , 
more preferably from 2 to 20 carbon atoms, particularly from 

2 to 10 carbon atoms , e . g . , vinyl , allyl , 2-butenyl , 3-pentenyl) , 
alkinyl group (alkinyl group preferably having from 2 to 30 
carbon atoms, more preferably from 2 to 20 carbon atoms. 
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particularly from 2 "bo 10 carbon a'toms, e.g., propargyl, 
S-pen-tinyl) , aryl group (aryl group preferably having from 6 
-to 30 carbon at:oms, more preferably from 6 "bo 20 carbon a'boms, 
particularly from 6 to 12 carbon atoms, e.g., phenyl, 
p-methylphenyl , naphthyl, anthranyl) , amino group (amino group 
preferably having from 0 to 30 carbon atoms, more preferably 
from 0 to 20 carbon atoms, particularly from 0 to 10 carbon 
atoms, e.g. , amino, methylamino, dime thy 1 amino , diethylamino , 
dibenzylamino, diphenylamino , ditollylamino) , alkoxy group 
(alkoxy group preferably having from 1 to 30 carbon atoms , more 
preferably from 1 to 20 carbon atoms, particularly from 1 to 
10 carbon atoms , e.g., methoxy , ethoxy , butoxy , 
2-ethylhexyloxy) , aryloxy group (aryloxy group preferably 
having from 6 to 30 carbon atoms , more preferably from 6 to 
20 carbon atoms, particularly from 6 to 12 carbon atoms, e.g. , 
phenyloxy, 1-naphthyloxy , 2-naphthyloxy) , heteroaryloxy group 
(heteroaryloxy grouppreferably having from 1 to 30 carbon atoms , 
more preferably from 1 to 20 carbon atoms, particularly from 
1 to 12 carbon atoms , e . g . , pyr idyloxy , pyrazyloxy , pyrimidyloxy , 
quinolyloxy) , acyl group (acyl group preferably having from 
1 to 30 carbon atoms, more preferably from 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g. , acetyl, benzoyl, 
formyl, pivaloyl) , alkoxycarbonyl group (alkoxycarbonyl group 
preferably having from 2 to 30 carbon atoms, more preferably 
from 2 to 20 carbon atoms, particularly from 2 to 12 carbon 
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atoms, e.g., meUioxycarbonyl , e'bhoxycarbonyl) , 

aryloxycarbonyl group (aryloxycarbonyl group preferably having 
from 7 to 30 carbon atoms, more preferably from 7 to 20 carbon 
atoms, particularly from 7 to 12 carbon atoms, e.g., 
phenyl oxycarbonyl) , acyloxy group (acyloxy group preferably 
having from 2 to 30 carbon atoms, more preferably from 2 to 
20 carbon atoms, particularly from 2 to 10 carbon atoms, e.g. , 
acetoxy, benzoyloxy) , acylamlno group (acylamlno group 
preferably having from 2 to 30 carbon atoms, more preferably 
2 to 20 carbon atoms, particularly from 2 to 10 carbon atoms, 
e.g. , acetylamino, benzoylamino) , alkoxycarbonylamino group 

(alkoxycarbonyl amino grouppreferably having from 2 to 30 carbon 
atoms, more preferably 2 to 20 carbon atoms, particularly from 
2 to 12 carbon atoms, e.g., methoxycarbonylamino) , 
aryloxycarbonylamino group (aryloxycarbonylamino group 
preferably having from 7 to 30 carbon atoms, more preferably 
7 to 20 carbon atoms, particularly from 7 to 12 carbon atoms, 
e.g., phenyloxycarbonylamino) , sulf onylamino group 

(sulfonylamino group preferably havingfrom 1 to 30 carbon atoms , 
more preferably 1 to 20 carbon atoms, particularly from 1 to 
12 carbon atoms, e.g. , methanesulf onylamino, 

benzenesulf onylamino) , sulfamoyl group (sulfamoyl group 
preferably having from 2 to 30 carbon atoms, more preferably 
2 to 20 carbon atoms, particularly from 2 to 10 carbon atoms, 
e.g., sulfamoyl , methyl sulfamoyl , dimethylsulf amoyl , 
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phenyl sulfamoyl) , carbamoyl group (carbamoyl group preferably 
having from 1 t:o 30 carbon a-boms , more preferably 1 t:o 20 carbon 
at:oms, particularly from 1 t:o 12 carbon a'toms, e.g. , carbamoyl, 
methylcarbamoyl , dxethylcarbamoyl , phenyl carbamoyl) , 

alkylthlo group (alkyl-thlo group preferably having from 1 to 
30 carbon atoms, more preferably 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g., methyl thio, 
ethylthio) , arylthio group (arylthio group preferably having 
from 6 to 30 carbon atoms, more preferably 6 to 20 carbon atoms, 
particularly from 6 to 12 carbon atoms, e.g., phenyl thio ) , 
heteroarylthio group (heteroarylthio group preferably having 
from 1 to 30 carbon atoms, more preferably 1 to 20 carbon atoms, 
particularly from 1 to 12 carbon atoms, e.g., pyridylthio , 
2-benzimizolylthio, 2-benzoxazoylthio , 2-benzthiazolylthio) , 
sulfonyl group (sulfonyl group preferably having from 1 to 30 
carbon atoms , more preferably 1 to 20 carbon atoms , particularly 
from 1 to 12 carbon atoms, e.g. , mesyl, tosyl) , sulfinyl group 
(sulfinyl group preferably having from 1 to 30 carbon atoms, 
more preferably 1 to 20 carbon atoms, particularly from 1 to 
12 carbon atoms, e.g., methanesulf inyl , benzenesulfinyl) , 
ureide group (ureide group preferably having from 1 to 30 carbon 
atoms, more preferably 1 to 20 carbon atoms, particularly from 
1 to 12 carbon atoms , e . g . , ureide , methylureide , phenylureide) , 
phosphoric acid amide group (phosphoric acid amide group 
preferably having from 1 to 30 carbon atoms, more preferably 
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1 "bo 20 carbon at:oms, particularly from 1 to 12 carbon atoms, 
e.g., diethylphosphoric acid amide , phenylphosphoric acid 
amide) , hydroxy group, mercapto group, halogen atom (e.g. , 
fluorine atom, chlorine atom, bromine atom, iodine atom) , cyano 
group, sulfo group, carboacyl group, nitro group, hydroxamic 
acid group, sulfino group, hydrazine group, imino group, 
heterocyclic group (heterocyclic group preferably having from 
1 to 30 carbon atoms, more preferably from 1 to 12 carbon atoms, 
and containing as hetero atoms nitrogen atom, oxygen atom and 
sulfur atom, e.g. , imidazolyl, pyridyl , quinolyl, furyl, chenyl, 
piperidyl, morpholino, benzoxazolyl , benzimidazolyl , 
benzthiazolyl) , and si lyl group (silyl group preferably having 
from 3 to 40 carbon atoms, more preferably 3 to 30 carbon atoms, 
particularly from 3 to 24 carbon atoms, e.g. , trimethylsilyl , 
triphenylsilyl) . These substituents may be further 

substituted. R^'s or R^'s may be connected to each other, or 
R^ and R^ may be connected to each other to form a condensed 
ring structure. 
[0024] 

R^ and R^ each are preferably an alkyl group , aryl group , 
alkoxy group, or a group which forms a condensed ring structure 
when R^ and R^ are connected to each other. Preferred among 
these groups are alkyl group and group which forms a condensed 
ring structure when R^ and R^ are connected to each other . The 
suffixes q"^ and each are preferably 0 , 1 or 2 . More preferably , 
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the sum of and is 1 or 2 . 
[0025] 

Further preferred embodiment of the compounds of the 
invention is a compound represented by the general formula (4) , 
a compound represented by the general formula (5) and a compound 
represented by the general formula (6) . The compound 
represented by the general formula (4) and the compound 
represented by the general formula (5) are particularly 
preferred. 
[0026] 




(R^ 1 2 



(6) 

(R='0o31 




[0027] 

The general formula (4) will be £urt;her described 
herelnaf-ber . R^^ and R^^ each represent: a subsbi-buent:. 
Examples of -the subs'bi'tuen'b represented by R^^ or R^^ include 
those described with reference to b} above. 
[0028] 

R^^ and R^^ each are preferably an alkyl or aryl group, 
more preferably an alkyl group. 
[0029] 

The suffix q^^ represents an integer of from 0 to 2 , 
preferably 0 or 1 , more preferably 0 . The suffix q^^ represents 
an integer of from 0 to 4 , preferably 0 or 1 , more preferably 
0. When q^^ and q^^ each are 2 or more, the plurality of R^^^s 
and R^^^s may be the same or different or may be connected to 
each other to form a condensed ring. 
[0030] 

represents a ligand. Examples of such a ligand include 
ligands required to form the foregoing orthometalated iridium 
complexes and ligands described with reference to other ligands . 

is preferably a ligand rec[uired to form an orthometalated 
iridium complex, nitrogen-containing heterocyclic ligand, 
dike tone ligand or halogen ligand, more preferably ligand 
required to form an orthometalated iridium complex or bipyridyl 
ligand. 
[0031] 
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The suffix n represen'bs an in-teger of from 0 -to 5, 
preferably 0 . The suffix represeni:s an Integer of from 1 
-to 3, preferably 3. The combxna'txon of n^ and m^ Is preferably 
such that the metal complex represented by the general formula 

(4) Is a neutral complex. 

[0032] 

The general formula (5) will be further described 
hereinafter. R^^ , li^ , , and have the same meaning as R^^, 
n^ , m^ , andL^ , respectively , The suffix q^"^ represents an integer 
of from 0 to 8 , preferably 0 . When q^^ is 2 or more , the plurality 
of R^^^s may be the same or different or may be connected to 
each other to form a condensed ring. 
[0033] 

The general foirmula (6) will be further described 
hereinafter . R^^ , R^^ , q^^ , q^^ , n^ , m'^ , andL^ have the same meaning 
as R^, R^, q^, q^, n"*^, m^, and L^, respectively. 
[0034] 

The compound of the invention may be a so-called low 
molecular compound having one repeating unit such as one 
represented by the general formula (1) or may be a so-called 
oligomer or polymer compound having a plurality of repeating 
units such as one represented by the general formula (1) (having 
a weight-average molecular weight (in polystyrene equivalence) 
of preferably from 1,000 to 5, 000, 000 , more preferably from 
2,000 to 1,000,000, even mo re prefer ably from 3, 000 to 100,000) . 
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The compound o£ the invexi'tlon ±s preferably a low molecular 

compound . 

[0035] 

Examples of the compound to be used ±n the invention will 
be given below, but the present invention should not be construed 
as being limited thereto . 
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(1-1) 




(1-7) 



(1-8) 




[0038] 



0-15) 
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(1-20) 
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[0040] 

The synthesis o£ the compound of the Invention can be 
accomplished by any known method as disclosed In ^^Inorg . Chem . " , 
No. 30, page 1,685, 1991, No. 27, page 3,464, 1988, No. 33, 
page 545, 1994, "Inorg. Chem. Acta.", No. 181, page 245, 1991, 
"J. Organomet. Chem.", No. 35, page 293, 1987, "J. Am. Chem. 
Soc", No. 107, page 1,431, 1985, etc. 
[0041] 

The llght-emlttlng element comprising the compound of 
the Invention will be further described hereinafter. The 
llght-emlttlng element of the Invention Is not specifically 
limited In Its system, driving method and form of utilization 
so far as It comprises the compound of the Invention . Inpractlce , 
however, the llght-emlttlng element of the Invention Is 
preferably In the form of structure utilizing light emission 
from the compound of the Invention or structure comprising the 
compound of the Invention as a charge-transporting material. 
A representative example of llght-emlttlng element Is an organic 
EL (electroltmilnescence) element. 
[0042] 

The process for the formation of the organic layer In 
the llght-emlttlng element comprising the compound of the 
Invention Is not specifically limited. In practice, however, 
any method such as reslstlvely-hea ted vacuum evaporation method, 
electron beam method , sputtering method, molecular lamination 
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me1:hod, coaling method, ink jet me-thod and printing method may 
be used. Preferred among these methods are resistively-heated 
vacuxim evaporation method and coating method from the standpoint 
o£ properties and producibility . More desirable among these 
methods is coating method from the standpoint of prevention 
of thermal decomposition during vacuum evaporation. 
[0043] 

The light-emitting element of the invention comprises 
a light-emitting layer or a plurality of thin organic compound 
layers containing a light-emitting layer formed interposed 
between a pair of electrodes , i.e., cathode and anode . There 
may be provided a positive hole-injecting layer, a positive 
hole-transporting layer, an electron-injecting layer, an 
electron- transporting layer and a protective layer besides the 
light-emitting layer. These layers may be provided with other 
functions . The various layers may be each made of various 
materials . 
[0044] 

The anode supplies a positive hole into the positive 
hole-injecting layer, positive hole- transporting layer, 
light-emitting layer, etc. The anode may be made of a metal, 
alloy, metal oxide, electrically-conductive compound or 
mixture thereof , preferably a material having a worlc function 
of 4 eV or more . Specific examples of such a material include 
electrically-conductive metal oxide such as tin oxide, zinc 
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oxide, Inddum oxide and indium "bin oxide (ITO) , me'tal such as 
gold, silver, chromium and nickel, mix'bure or laminate o£ such 
a me-bal and electrically-conductive metal oxide, electrically 
inorganic material such as copper iodide and copper sulfate, 
electrically-conductive organic material such as polyaniline, 
polythiophene and polypyrrole , and laminate o£ tihese materials 
wi-th ITO. Preferred among -these materials are 

electrically-conductive metal oxides . Particularly 
preferred among these electrically-conductive metal oxides is 
ITO from the standpoint of producibility , electrical 
conductivity and transparency. The thickness of the anode may 
be properly predetermined depending on its material . In 
practice, however, it is preferably from 10 nm to 5 )im, more 
preferably from 50 nm to 1 |jm, even more preferably from 100 
nm to 500 nm. 
[0045] 

The anode is normally used in the form of anode layer 
formed on soda-lime glass , non-alkali glass, transparent resin 
substrate or the like . As the glass , if used, there is preferably 
used non-alkali glass to reduce the amount of ions to be eluted 
therefrom. Soda-lime glass , if used, is preferad^ly coated with 
a barrier such as silica. The thickness of the substrate is 
not specifically limited so far as it suffices to maintain a 
desired mechanical strength. In practice, however, it is 
normally 0.2 mm or more, preferably 0.7 mm if glass is used. 
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The preparat:loii of "the anode may be accomplished by any 
method depending on the materials used. If ITO is used, for 
example, electron beam method, sputtering method, 
resistively-heated vacuum evaporation method, chemical 
reaction method (sol-gel method) , method involving the coating 
of a dispersion of indium tin oxide or the like can be used 
to form an anode layer. 

The anode can be cleaned or otherwise treated to lower 
the driving voltage of the element or enhance the light emission 
efficiency of the element. The anode made of ITO, for example, 
can be effectively sxibjected to UV-ozone treatment, plasma 
treatment , etc . 
[0046] 

The cathode supplies electron into the 
electron-injecting layer , electron- transporting layer , 
light-emitting layer , etc . The cathode is selected taking into 
account the adhesivity to the layer adjacent to the negative 
electrode such as electron-injecting layer, 

electron- transporting layer and light-emitting layer, 
ionization potential, stability, etc. As the material 
constituting the cathode there may be used a metal , alloy, metal 
halide, metal oxide, electrically-conductive compound or 
mixture thereof. Specific examples of such a material include 
alkaline metal (e.g. , Li, Na, K) , fluoride thereof, alkaline 
earth metal (e.g. , Mg, Ca) , fluoride thereof, gold, silver. 
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lead, aluminum, sodium-po'tasslum alloy, mixture thereof, 
lithium-aluminum alloy, mixture thereof, magnesium-silver 
alloy, mixture thereof, and rare earth metal such as indium 
and ytterbium. Preferred among these materials are those 
having a work function of 4 eV or less. Even more desirable 
among these materials are aluminum, lithiimi-aluminum alloy, 
mixture thereof, magnesium-silver alloy, and mixture thereof. 
The cathode may be not only in the f ozm of single layer structure 
comprising the foregoing compound or mixture but also in the 
form of laminated structure comprising the foregoing compound 
or mixture. The thickness of the cathode may be properly 
predetermined depending on its material . Inpractlce , however , 
it is preferably from 10 nm to 5 )im, more preferably from 50 
nm to 1 |im, even more preferably from 100 nm to 1 |im. 

The preparation of the cathode can be accomplished by 
any method as electron beam method, sputtering method, 
resistlvely-heated vacuum evaporation method and coating 
method. A single metal may be vacuum- vaporized. 

Alternatively, two or more components may be vacuum-vaporized 
at the same time. Further, a plurality of metals may be 
vacuxua- vaporized to form an alloy electrode. Alternatively, 
an alloy which has been previously prepared may be 
vacuum- vaporized . 

The shee t r e s 1 s 1 1 vl ty of the anode and cathode 1 s 
preferably as low as possible and thus is preferably hundreds 
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of ohm/D or less . 
[0047] 

As "the ma-terlal const:±'but:lng -the l±ght:-em±t:'t±ng layer 
-there may be used any material which can form a layer capable 
of Injecting positive hole from the anode, positive 
hole-Injecting layer or positive hole-transporting layer as 
well as injecting electron from the cathode , electron-injecting 
layer or electron-transporting layer during the application 
of electric field, moving electron thus injected or providing 
a site for the recombination of positive hole and electron for 
emission of light. Alternatively, any material which emits 
light from either singlet exciton or triplet exciton may be 
used. Examples of the light-emitting material employable 
herein include various metal complexes such as metal complex 
and rare earth complex of benzoxazole derivative, 
benzoimidazole derivative, benzothiazole derivative, 
styrylbenzene derivative, polyphenyl derivative, 

diphenylbutadiene derivative , tetraphenylbutadiene 

derivative, naphthalimide derivative, coumarine derivative, 
perylene derivative, perynone derivative, oxadiazole 
derivative, aldazine derivative, pyralidine derivative, 
cyclopentadiene derivative, bisstyrylanthracene derivative, 
quinacridone derivative , pyrrolopyridine derivative , 
thiadiazolopyridine derivative, cyclopentadiene derivative, 
styrylamine derivative, aromatic dimethylidine coxnpound and 
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8-qulnollnol derivative, polymer compound such as 
polybhiophene , polypheny lene and polyphenylenevinylene , 
organic silane derivative, and the compound of the invention. 
The thickness of the light-emitting layer is not specifically 
limited but is normally from 1 nm to 5 |jm, preferably from 5 
nm to 1 |jm, even more preferably from 10 nm to 500 nm. 

The process for the formation of the light-emitting layer 
is not specifically limited. In practice, however, any method 
such as resistively-heated vacuum evaporation method, electron 
beam method, sputtering method, molecular lamination method, 
coating method (e,g, spin coating method, casting method, dip 
coating method) , ink jet method, LB method and printing method 
may be used. Preferred among these methods are 

resistively-heated vacuum evaporation method and coating 
method . 
[0048] 

As the material constituting the positive hole-injecting 
layer and positive hole- transporting layer there may be used 
any material having any of capability of injecting positive 
hole from the anode, capability of transporting positive hole 
and capability of giving barrier to electron injected from the 
cathode. Specific examples of such a material include 
electrically-conductive polymer oligomers such as carbazole 
derivative , triazole derivative , oxazole derivative , 
oxadiazole derivative, imidazole derivative, polyarylalkane 



30 



der±vat:ive , pyrazolxne derlvalixve , pyrazolone derxvatixve , 
phenylenedxamxne derxva'bxve , arylamxne derxva'bxve , 
amxno-sxibstx tubed chalcone derivative, styrylanthracene 
derivative, fluorenone derivative, hydrazone derivative, 
stllbene derivative, sllazalane derivative, aromatic tertiary 
amine compound, styzrylamlne compound, aromatic dlmethylldlne 
compound, porphyrin compound, polysllane compound, 
poly (N-vlnylcarbazole) derivative , aniline copolymer , 
thlophene oligomer and poly thlophene , organic sllane 
derivative, carbon film, and the compound of the Invention. 
The thickness of the positive hole- Injecting layer and positive 
hole-transporting layer Is not specifically limited but Is 
preferably from 1 nm to 5 pm, more preferably from 5 nm to 1 
^m, even more preferably from 10 nm to 500 nm. The positive 
hole-lnjectlng layer and positive hole- transporting layer each 
may be In the fozrm of single layer structure made of one or 
more of the foregoing material or multi-layer structure 
consisting of a plurality of layers having the same or different 
compositions . 

The formation of the positive hole-lnjectlng layer and 
positive hole-transporting layer can be accomplished by any 
method such as vacuum evaporation method, LB method, method 
Involving the coating of a solution or dispersion of the 
foregoing positive hole-lnjectlng or transporting material In 
a solvent (e.g. , splncoatlngmethod, castlngmethod, dip coating 
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method) , Ink je-t method and prxn-tlng me'thod. In t:he case of 
coa-ting metiiod, the foregoing positive hole-injecting or 
transporting material may be dissolved or dispersed in a solvent 
with a resin component. Examples of such a resin component 
include polyvinyl chloride, polycarbonate, polystyrene, 
polymethyl methacrylate , polybutyl methacrylate , polyester, 
polysulfone, polyphenylene oxide, polybutadiene, 

poly (N-vinylcarbazole) , hydrocarbon resin, ketone resin, 
phenoxy resin, polyamide, ethyl cellulose, vinyl acetate, ABS 
resin, po lyure thane , melamine resin, unsaturated polyester 
resin, alkyd resin, epoxy resin, and silicon resin. 
[0049] 

As the material constituting the electron-injecting 
material layer and electron- transporting layer there may be 
used any material having any of capability of injecting electron 
from the cathode, capability of transporting electron and 
capability of giving barrier to positive hole injected from 
the anode . Specific examples of such a material include various 
metal complexes such as metal complex of heterocyclic 
tetracarboxylic anhydride such as triazole derivative , oxazole 
derivative , oxadiazole derivative , f luorenone derivative , 
anthraquinodimethane derivative, an throne derivative, 
diphenylquinone derivative , thiopyranedioxide derivative , 
carbodiimide derivative , f luorenilidenemethane derivative , 
distyrylpyrazine derivative and naphthaleneperylene , 
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phthalocyanine derivatilve and 8-quinolinol derivative and 
met:al complex comprising me -tal ph'thalocyanine , benzoxazole or 
benzothiazole as a ligand, and organic silane derivative. The 
thickness of the electron-injecting layer and 
electron- transporting layer is not specifically limited but 
is preferably from 10 nm to 500 nm, more preferably from 5 nm 
to 1 lua, even more preferably from 10 nm to 500 nm. The 
electron-injecting layer and electron- transporting layer each 
may be in the form of single layer structure made of one or 
more of the foregoing material or multi-layer structure 
consisting of a plurality of layers having the same or different 
compositions . 

The formation of the electron-injecting layer and 
electron- transporting layer can be accomplished by any method 
such as vacuum evaporation method, LB method, method involving 
the coating of a solution or dispersion of the foregoing positive 
hole-injecting or transporting material in a solvent (e.g., 
spin coating method, casting method, dip coating method) , ink 
jet method and printing method. In the case of coating method, 
the foregoing positive hole-injecting or transporting material 
maybe dissolved or dispersed in a solvent with a resin component . 

As the resin component there may be used any of those 
exemplified with reference to the positive hole-injecting or 
transporting layer . 
[0050] 



33 



As "the material constituting the protective layer there 
may be used any material capable of preventing materials which 
accelerating the deterioration of the element such as water 
content and oxygen from entering into the element. Specific 
examples of such a material include metal such as In, Sn, Pb, 
Au, Cu, Ag, Al, Ti and Ni, metal oxide such as MgO, SiO, Si02, 
AI2O3 , Geo , NiO , CaO , BaO , Fe202 , Y2O3 and Ti02 , metal fluoride 
such as MgF2, LiF, AIF3 and CaF2, polyethylene, polypropylene, 
polymethyl methacrylate , polyimide , polyurea , 

polytetraf luoroethylene , polychlorotrif luoroethylene , 

polydichlorof luoroethylene , polymer of 

chlorotrif luoroethylene with dichlorodif luoroethylene , 
copolymer obtained by the copolymerization of 
tetraf luoroethylene with a monomer mixture comprising at least 
one comonomer, fluorine-containing copolymer having a cyclic 
structure in the copolymer main chain, water-absorbing material 
having a water absorption of 1% or more, and moisture-resistant 
material having a water absorption of 0.1% or less. 

The process for the formation of the protective layer 
is not specifically limited . Examples of the method employable 
herein include vacutun evaporation method, sputtering method, 
reactive sputtering method, MBE (molecular beam epitaxy) method, 
cluster ion beam method, ion plating method, plasma 
polymerization method (high frequency excited ion plating 
method) , plasma CVD method, laser CVD method, heat CVD method. 
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gas source CVD met:hod, coai:lng me-bhod, and print:lng met:hod. 
[0051] 
[Example] 

Specific embodlmen'bs of Implication of the Invention will 
be described hereinafter, but the present Invention should not 
be construed as being limited thereto. 
[0052] 

COMPARATIVE EXAMPLE 1 

40 mg of a poly (N- vinyl carbazole) , 12 mg of 
PBD (2- (4-biphenyl) -5- {4-t-butylphenyl) -1,3, 4-oxadlazole) 
and 1 mg of the following compound A were dissolved In 2 .5 ml 
of dlchloroethane . The solution thus obtained was then 
spin-coated onto a substrate which had been cleaned (1 , 500 rpm, 
20 sec) . The thickness of the organic layer thus formed was 
98 nm. A patterned mask (arranged such that the llght-emlttlng 
area was 4 mm x 5 mm) was then disposed on the thin organic 
layer. Magneslim and silver were then simultaneously 
vacuum-evaporated onto the thin organic layer at a ratio of 
10 : 1 to a thickness of 50 nm In a vacuum metalllzer. Silver 
was then vacuum-evaporated onto the metal deposit to a thickness 
of 50 nm. Using a Type 2400 source measure unit produced by 
TOYO TECHNICA CO. , LTD. , a dc constant voltage was then applied 
to the EL element thus prepared to cause the emission of light 
which was then measured for luminance and wavelength by means 
of a Type BM-8 luminance meter produced by TOPCON CORP. and 
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a Type PMA-11 spectral analyzer produced by Hamamatsu Photonics 
Co. , Ltd. , respectively. As a result, it was found that green 
light having Xiaax of 500 nm had been emitted. The external 
quantum yield around 100 cd/m^ was then calculated. The results 
were 0.1%. The specimen was then allowed to stand in a nitrogen 
atmosphere for 1 hour. As a result, the specimen was visually 
observed to have numerous dark spots on the light-emitting 
surface thereof . 
[0053] 

Compound A 




[0054] 
EXAMPLE 1 

An element was prepared in the same manner as in 
Comparative Example 1 except that the compound (1-1) was used 
instead of the compound A. As a result, green light having 
Amax of 510 nm was emitted. The external quantxom yield around 
100 cd/m^ was 2.9%. The specimen was then allowed to stand in 
a nitrogen atmosphere for 1 hour. As a result, the specimen 
was visually observ d to have a small number of darlc spots on 
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the light-emitting surface thereof. 
EXAMPLE 2 

An element was prepared in the same manner as in 
Comparative Example 1 except that the compound (1-2) was used 
instead of the compound A. As a result, green light having 
Xmax of 510 nm was emitted. The specimen was then allowed to 
stand in a nitrogen atmosphere for 1 hour. As a result, the 
specimen was visually observed to have no dark spots on the 
light-emitting surface thereof . 
EXAMPLE 3 

An element was prepared in the same manner as in 
Comparative Example 1 except that the compound (1-3) was used 
instead of the compound A. As a result, orange- colored light 
having Xmax of 590 nm was emitted . The specimen was then allowed 
to stand in a nitrogen atmosphere for 1 hour. As a result, 
the specimen was visually observed to have no dark spots on 
the light-emitting surface thereof. 
EXAMPLE 4 

An element was prepared in the same manner as in 
Comparative Example 1 except that the compound (1-4) was used 
instead of the compound A. As a result, green light having 
Xmax of 510 nm was emitted. The specimen was then allowed to 
stand in a nitrogen atmosphere for 1 hour. As a result, the 
specimen was visually observed to have no dark spots on the 
light-emitting surface thereof. 
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£L element:s comprising compounds of 'the invention were 
prepared and evaluated in the same manner as mentioned above . 
As a result, high efficiency EL elemen'ts capable of emitting 
light having various colors were prepared. These £L elements 
were confirmed to have excellent durability. 
[0055] 

[Effect of the Invention] 

The compound of the invention can be used as an organic 
EL material . The compound of the inven-tion can also be used 
to prepare a high efficiency and durability EL element capable 
of emitting light having various colors . 



38 



It 



[Deslgna-bxon of Documen't] Abs'trac'b 
[Abs'bract:] 

[Problem] To provide a lighb-emi't'tingelemen't having excellent 
light-emitting properties and a material therefor. 
[Means for Resolution] To use an orthometalated iridium 
complex . 

[Selected diagram] None 
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